Abstract. We propose a phenomenological form of the charged lepton mass matrix which extends the idea of a "lopsided" mass matrix found in the literature. The features of the form are that both the 2-3 and 1-3 elements of the charged lepton mass matrix are of order 1 and that the small elements have a new structure. This form leads to the interesting result that both large atmospheric and solar neutrino mixing can be accounted for by the matrix. Another interesting result of this mass matrix is that it leads to very small 1-3 mixing in the lepton sector and can suppress the branching ratio of µ → eγ under the present experimental limit in the supersymmetric see-saw case.
Introduction
The discovery of neutrino oscillations has been one of the most exciting experimental results in the last few years [1] . As the experimental data accumulated in the SuperKamiokande collaboration [2, 3] and more results published by the SNO [4] , K2K [5] and CHOOZ [6] experiments the parameter space for the neutrino masses and mixing is narrowing down considerably. Recent analyses show that the atmospheric neutrino oscillation favors the ν µ -ν τ process with a nearly maximal mixing angle sin 2 2θ atm ≥ 0.87 and a mass squared difference 1.5 × 10 −3 eV 2 ≤ ∆m 2 atm ≤ 4.8 × 10 −3 eV 2 at the 99% confidence level [7] . Among the four solutions for the solar neutrino deficits, the large mixing angle MSW (LMA) solution is most favored, followed by the LOW and VAC solutions [3, 8] On the theoretical side, hundreds of models for neutrino masses and mixings have been published during the last few years. However, a survey of these models shows that most of them yield the SMA or VAC solution for the solar neutrino problem [9] , no matter whether the models produce the tiny neutrino masses directly at low energy or by the see-saw mechanism. In the following we will give a brief comment on the neutrino models in the literature a e-mail: bixj@mail.tsinghua.edu.cn b e-mail: dyb@itp.ac.cn and point out the difficulties in obtaining the LMA solution for the solar neutrino problem, and then we will present our model.
As we know, the neutrino mixing, which is described by the MNS matrix [10] , is actually the mismatch between the two bases in which the mass matrix of the charged leptons or that of the active neutrinos is diagonal. The neutrino models are thus generally divided into two classes according to the origin of the large mixing angles: those from the charged lepton mass matrix M L or from the neutrino Majorana mass matrix M ν . For the models which generate the large mixing angles in M ν , it is usually difficult to reconcile the large mixing angles and a small mass squared splitting ratio r ≡ ∆m
−2 , which generally means a hierarchical structure of M ν . The LMA solution in this kind of models is usually achieved by fine tuning the parameters in the non-see-saw case or by choosing a special hierarchy for the right-handed neutrino spectrum in the see-saw case [9] .
For models in which the large mixing angles are from the charged lepton mass matrix the situation is better, since the large mixing and the small mass ratio come from different matrices. These models are either based on the beautiful idea of "flavor democracy" [11] or on the idea of a "lopsided" form [12, 13] of the charged lepton mass matrix. However, having large mixing angles in M L raises the question why large CKM angles do not arise from the diagonalization of the quark mass matrices M D and M U . Especially, in grand-unified models the Dirac mass matrices M D , M U and M L are generally closely related.
The answer to this question in the "flavor democracy" models is that the CKM angles are small by a cancellation caused by an approximate symmetry between M U and M D . This kind of models can predict a bi-maximal form of the MNS matrix by diagonalizing the charged lepton mass matrix and assuming the neutrino mass matrix diagonal at the same time. However, this kind of models tend to give a too large solar neutrino mixing angle near maximality, which is excluded at 3.2σ for MSW solutions [8] .
The "lopsided" form of the charged lepton mass matrix is another elegant idea to give large lepton mixing while keeping small quark mixing at the same time. It is usually realized in the context of grand-unified models, especially if an SU(5) symmetry plays a role in the form of the fermion mass matrices. In a SU(5) grand-unified model, the left-handed charged leptons are in the same multiplets as the CP conjugates of the right-handed down quarks. Since the large mixing angle θ atm is attributed to the mixing of the left-handed leptons in such models, it would generally be related by SU(5) to a large mixing angle for the right-handed down quarks, which is not observable. On the other hand, the small CKM angles are related by SU(5) to small mixings of the right-handed leptons, which are irrelevant to neutrino oscillation phenomena.
However, in most published models the "lopsided" form only accounts for the largeness of θ atm and a SMA or VAC solution for the solar neutrino problem is usually predicted. To obtain a LMA solution in such models requires a right-handed neutrino mass matrix with a complicated form and fine tuning of the parameters to some extent [12, 13] .
One exception is given by Babu and Barr, where both the large solar and atmospheric neutrino mixing angles can be accounted for by diagonalizing the charged lepton mass matrix [14] . In their model, the charged lepton mass matrix has the following "lopsided" form 1 :
with ρ ∼ ρ ∼ 1, δ ∼ δ 1. The parameters are determined by fitting the quark and lepton spectra and mixing angles. The unique non-trivial prediction of the model is the U e3 element in the MNS matrix by diagonalizing M L , which is |U e3 | 0.05. This prediction will provide a test of this model. However, most "lopsided" models predict a similar result of U e3 0.05. Thus a measurement of U e3 0.05 will not discriminate this model from others. Furthermore, the lepton flavor violating process µ → eγ gives very strong constraints on the element U e3 [15, 16] . It is pointed out in [15] that the "lopsided" models, which always give a large µ-τ mixing and a typical value of U e3 0.05, may lead to the branching ratio of µ → eγ exceeding the present experimental upper limit in the supersymmetric see-saw case. This will be explained below. Actually, most "lopsided" models are realized in supersymmetric unified SO(10) models and the neutrino spectrum and mixing are 1 Here we use the convention that a left-handed doublet multiplies the Yukawa coupling matrix from the left side while a right-handed singlet multiplies the matrix from the right side given by the see-saw mechanism. Thus, it seems that all these models meet the same difficulty in predicting the branching ratio of µ → eγ.
We have found a form of the charged lepton mass matrix independently when we tried to construct a "lopsided" model which can account for the LMA solution of the solar neutrino problem and simultaneously avoid the above difficulty for µ → eγ decay. Our model is similar to the form (1) in the large elements in the third column but different in the structure of the first two columns. It gives a completely different prediction of U e3 and the branching ratio of µ → eγ can be below the present experimental limit. In the following we shall first give our model and its features and then explain the smallness for U e3 . In the last section we shall discuss briefly its implication on the lepton flavor violating process µ → eγ in the supersymmetric see-saw case.
The aim of this work is to present a phenomenological model to account for the neutrino oscillation data and avoid the µ → eγ difficulty. The mass matrices of the charged lepton and neutrino are assumed to have the following form: 
This model then predicts the neutrino mixing parameters sin 2 2θ atm = 0.998, tan 2 θ sol = 0.42 andU e3 = −0.0054. (6) The notable feature of (2) compared with the usual "lopsided" models is the order 1 element σ. We can see from (5) that by choosing large (2, 3) and (1, 3) elements in M L we get two large mixing angles, which correspond to a maximal mixing of the atmospheric neutrinos and a large solar neutrino mixing in the LMA solution, by diagonalizing the charged lepton mass matrix. In this phenomenological model we separate the large angles θ atm and
